A rapid real-time quantitative PCR method to detect trace amounts of pork, chicken, beef, mutton, and horseflesh in foods was developed. The primers and TaqMan MGB (minor groove binder) probes were designed on the gene encoding cytochrome b for the specific detection of each species. The limit of quantification of this method was found to be 100 fg/l of each mitochondrial DNA in 10 ng/l of the wheat mitochondrial DNA matrix. The calculated R 2 values of the standard curves for the five species ranged between 0.994 and 0.999. This method would be particularly useful in the detection of hidden meat mince in processed foods, which would verify food labeling and gain consumers' trust.
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Key words: real-time PCR; cytochrome b; meat; mince; labeling Since, in the modern diet, it is very common to make processed foods by adding minced meats, manufacturers are obligated to label raw materials properly. To verify food labeling is of great importance in order to ensure food safety (for example, to decrease the unexpected occurrence of food allergies) as well as to gain consumers' trust. Hence, it is necessary to establish a rapid method of detecting meat ingredients in processed foods to verify the labeling.
A number of methods are based on the detection of species-specific proteins by enzyme-linked immunosorbent assay (ELISA) and of species-specific DNA molecules by polymerase chain reaction (PCR). 1) With regard to ELISA, to obtain a specific antibody against skeletal muscle is thought to be very difficult. Indeed, we found from our preliminary experiment, in which porcine meat protein was immunized to rabbits, that both the titer and the specificity of the antibodies obtained were low (unpublished data). On the other hand, an optimized PCR procedure could amplify the specific target sequence even in a very complex pool of genomic sequences. We reported recently specific and qualitative detection methods for pork 2) and chicken 3) in processed foods using conventional PCR. Another group has also reported a conventional PCR method of identifying six meats (cattle, pig, chicken, sheep, goat, and horse) as raw materials in meat products. 4) These conventional PCR methods are simple and useful, but they appear to lack quantitative capabilities, sensitivity, and rapid analysis. Hence, in this study, we aimed to establish rapid real-time quantitative PCR detection methods for pork, chicken, beef, mutton, and horseflesh in foods.
It is well-known that sensitive PCR assays can be established when the primer target is a multicopy gene, such as a mitochondrial gene. 1) We chose in this study the cytochrome b region of the mitochondrial DNA as the target to detect each meat. By aligning the cytochrome b DNA sequence of the pig, chicken, cattle, sheep, and horse according to the NCBI database, forward and reverse primers and TaqMan MGB probes were designed for the each meat-specific region (Fig. 1) after the PCR reactions were optimized. All meat (pork, chicken, beef, mutton, and horseflesh) samples were y To whom correspondence should be addressed. Fax: +81-82-424-7932; E-mail: stanabe@hiroshima-u.ac.jp Abbreviations: FAM, 6-carboxy-fluorescein; MGB, minor groove binder; NFQ, non-fluorescent quencher; NTC, no-template control from commercial sources, and their mitochondrial DNAs were prepared using an mtDNA Extractor CT kit (Wako Pure Chemicals, Tokyo) based on the method described by Ishizawa et al. The list of these primers and probes is shown in Table 1 . 
FAM, 6-carboxy-fluorescein; MGB, minor broove binder; NFQ, non-fluorescent quencher A no-template control (NTC) was also prepared as the negative control for analysis. Real-time PCR was performed using 7500 Real-Time PCR System (Applied Biosystems). All reactions were run in triplicate in 96-well plates. The PCR reaction mixtures were placed in a 25 ml final volume containing 2.5 ml of the template DNA, 12.5 ml of the universal PCR master mix (Applied Biosystems), 0.75 ml of the primer pair (10 mM each), and 0.5 ml of TaqMan MGB probes (10 mM), as listed in Table 1 (also shown in Fig. 1 ). The reaction conditions included the initiation step for 2 min at 50 C, 10 min at 95 C, followed by 45 cycles of 15 s at 95 C, and 1 min at 60 C. During PCR cycling, the software calculated the emissions of the reporter and passive reference dye (ROX) for each cycle. The realtime PCR system is supplied with Sequence Detection software able to determine the contributions of each component dye spectrum using a multicomponent algorithm. The ÁRn value (Fig. 2) expresses the magnitude of the normalized fluorescence signal generated by the reporter for each cycle during PCR amplification. The point at which the amplification plot crosses the threshold is defined as Ct (threshold cycle, Fig. 2) .
The specificity of our real-time PCR method was evaluated using mitochondorial DNAs (10 ng/ml each) from pork, chicken, beef, mutton, and horseflesh, rabbit, and whale. Consequently, only the species-specific amplification was observed when using five sets of primers and probe (data not shown). Next, the mitochondrial DNAs extracted from the pork, chicken, beef, mutton, and horseflesh were diluted by TE buffer containing yeast RNA (50 mg/ml) to final concentrations of 100 pg, 10 pg, 1 pg, 100 fg, 10 fg, and 1 fg/ml. Using 2.5 ml of each DNA solution, we evaluated the sensitivity of the real-time PCR system. Amplification curves were stably obtained when the DNA template was lowered to 10 fg/ml. The calculated R 2 values of the standard curves were 1.000, 0.996, 0.998, 0.994, and 0.992 for porcine, chicken, bovine, sheep, and horse DNA respectively, in the range of 10 fg-100 pg/ml.
To mimic the conditions under which we measure the DNA from the meat (pork, chicken, beef, horseflesh, and mutton) in the processed foods, each species of mitochondrial DNA was mixed with wheat mitochondrial DNA at eight mixing levels (0, 0.0001, 0.001, 0.01, 0.1, 1, 10, and 100%). Wheat flour was obtained from a commercial source, and wheat DNA was prepared using the kit described above. Total DNA (wheat DNA plus DNA from each meat) concentration was adjusted to 10 ng/ml.
As shown in Fig. 2 A-E, the real-time quantitative PCR method proposed in this study allowed us to detect each DNA species over a very wide range. The amplification of each DNA species was clearly observed in a range between 0.001-100% in the wheat DNA matrix. In the case of 0.0001% of each DNA species, amplification was apparently detected, as compared to the no-template control (NTC), although the amplification curve lacked reproducibility. Hence, we concluded that the limits of quantification and those of detection were 0.001% (100 fg/ml) and 0.0001% (10 fg/ml), respectively. Since we found that the detection limit for porcine DNA by conventional PCR was 1 pg in our previous study,
2) the present results suggest that the realtime PCR method in this study is more sensitive.
The standard curve for porcine DNA was generated from the amplification data (Fig. 2 A) , and the calculated R 2 value of the standard curve for the porcine DNA was 0.994 in the range of 0.001-100% (Fig. 2 F) . Similarly, the calculated R 2 values of the standard curves for chicken, beef, sheep, and horse were 0.999, 0.994, 0.998, and 0.998, respectively (data not shown). Hence, the percentage of meat DNA in an unknown sample can be measured by interpolation from a standard curve of Ct values generated from known starting DNA concentrations.
In our previous study, 2, 3) we found that the target sequence was successfully amplified in the heat processed food model and that the conventional PCR method is comparably applicable to processed foods if the amplified DNA fragments are 60-150 bp. At present, we preliminary confirm that meat DNA was detected in some processed food items by the real-time PCR method, used in this study, and are now undertaking feasibility analyses of the method developed using various kinds of processed food items. In the case of determination of meat content (W/W, %) in foods, it is necessary to convert from the determination of the copy numbers of meat target DNA sequences and from that of the copy numbers of the animal universal specific endogenous reference gene. Therefore, further study is needed to determine a way to convert the ratio of measured copy numbers to units of weight/weight. Many real-time PCR systems have been developed to identify and quantify genetically modified (GM) maize, GM soybeans, and GM varieties of other agricultural commodities. [6] [7] [8] [9] [10] [11] [12] [13] Since this method has been shown to be easily and reliably applied to various food products, the real-time PCR method is now widely utilized around the world. The detection targets for GM crops are chosen from transgenic species-specific genes. On the contrary, in the proposed system, the primers and TaqMan MGB probes are designed on the gene encoding cytochrome b for specific detection of each species, and a similar specificity and sensitivity were successfully obtained.
In Japan, in 2007, there occurred an incident that a certain meat processing company disguised pork mince as beef and this has focused attention on the labeling of mince in processed food. Also in Japan, the Ministry of Health, Labor, and Welfare has notified their recommendations to declare three meat items (beef, chicken (poultry), and pork) in the context of labeling systems for allergenic food materials. In the latter case, the system states that if greater than 10 mg/g (the corresponding allergnic food protein weight/food weight) is contained in a food material, labeling of such a material is mandatory. In both instances, the present real-time PCR detection method should meet such requirements.
In conclusion, we developed, for the first time, a rapid real-time quantitative PCR method to detect pork, chicken, beef, mutton, and horseflesh in foods. Since this method is rapid, specific, sensitive, and highly quantitative, it would be particularly useful in the detection of hidden meat mince in processed foods.
